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(54) (Title of the Invention) 

Stone-like artificial marble 
(57) (Abstract) 
(Object) 

An object is to provide stone-like artificial marble 
excellent in heat crack resistance 
(Constitution) 

Stone-like artificial marble obtained by polymerization- 
hardening a composition comprising a methyl methacrylate 
partial polymer syrup (A) in an amount of 20 to 50% by weight 
based on the composition, a cross-linkable vinyl monomer (B) 
in an amount of 0.01 to 10% by weight based on (A) , and at least 
one inorganic filler (C) selected from aluminum hydroxide, 
magnesium hydroxide, calcium carbonate and silica and crushed 
particles (D) obtained by crushing a resin containing inorganic 
fillers for coloration in the same composition as in the case 
of execution of the present invention having an average particle 
size of 0 . 24 to 2 . 8 mm and containing substantially no particles 
having a particle size of less than 0 . 1 mm and particles having 
a particle size of over 5 mm, in an amount of 5 to 25% by weight 
based on the whole composition, wherein the total amount of 
inorganic fillers in the component (C) and the component (D) 
is 30 to 70% by weight. 
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(Claims) 

1. Stone-like artificial marble obtained by 
polymerization-hardening a composition comprising methyl 
methacrylate or a monomer mixture of methyl methacrylate as the 
main component with other vinyl monomer having one vinyl group 
in the molecule or its partial polymer syrup (A) in an amount 
of 20 to 50% by weight based on the whole composition, a 
cross-linkable vinyl monomer having two or more vinyl groups 
in the molecule (B) in an amount of 0.01 to 10% by weight based 
on (A) , and at least one inorganic filler (C) selected from 
aluminum hydroxide, magnesium hydroxide, calcium carbonate and 
silica and crushed particles (D) having an average particle size 
of 0.24 to 2.8 mm and containing substantially no particles 
having a particle size of less than 0 . 1 mm and particles having 
a particle size of over 5 mm, in an amount of 5 to 25% by weight 
based on the whole composition, wherein the total amount of 
inorganic fillers in the component (C) and the component (D) 
is 30 to 70% by weight. 
Crushed particles (D) : 

particles obtained by crushing a resin composition (ii) 
obtained by polymerizing a composition comprising 

methyl methacrylate or a monomer mixture of methyl 
methacrylate as the main component with other vinyl monomer 
having one vinyl group in the molecule or its partial polymer 
syrup (1) in an amount of 20 to 50% by weight based on the 
composition (ii) , 

a cross-linkable vinyl monomer (2) having two or more vinyl 
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groups in the molecule in an amount of 0.01 to 10% by weight 
based on (1) , 

and at least one inorganic filler (3) selected from aluminum 
hydroxide , magnesium hydroxide, calcium carbonate and silica, 
and 

crushed particles (4) having an average particle size of 0 .24 
to 0.65 mm and containing substantially no particles having a 
particle size of less than 0 . 1 mm and particles having a particle 
size of over 0.8 mm, obtained by crushing a resin composition 

(i) obtained by polymerization-hardening a composition 
containing methyl methacrylate or a monomer mixture of methyl 
methacrylate as the main component with other vinyl monomer 
having one vinyl group in the molecule or its partial polymer 
syrup (a) in an amount of 20 to 50% by weight in the composition 

(ii) , a cross-linkable vinyl monomer (b) having two or more vinyl 
groups in the molecule in an amount of 0.01 to 10% by weight 
based on (a) , at least one inorganic filler (c) selected from 
aluminum hydroxide , magnesium hydroxide , calcium carbonate and 
silica, and inorganic fillers for coloration (d) other than the 
inorganic fillers (c) in an amount of 0.05 to 5% by weight in 
the composition (i) , in an amount of 5 to 30% by weight based 
on the composition (ii) . 

2. The stone-like artificial marble according to Claim 1, 
wherein the inorganic fillers for coloration other than the 
inorganic fillers (C) are contained in an amount of 0.05 to 5% 
by weight in the resin composition (ii) in the component (D) . 

3. The stone-like artificial marble according to Claim 1, 
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wherein the inorganic fillers for coloration other than the 
inorganic fillers (C) are further contained in an amount of 0.05 
to 5% by weight, in addition to the components (A) , (B) , (C) 
and (D) constituting the stone-like artificial marble. 

(Detailed Description of the Invention) 

(0001) 

(Field of the Invention) 

The present invention relates to stone-like artificial 
marble . 
(0002) 
(Prior Art) 

Artificial marble is recently used in a lot of applications 
such as washing and dressing tables, bath tubs, tables, wall 
materials, floor materials, furniture, interior small goods, 
seal impressions and the like in addition to kitchen top boards 
since the artificial marble has excellent texture, excellent 
strength and excellent weather resistance not inferior in those 
of natural marble and additionally, easily executed and 
processed as compared with natural marble. 
(0003) 

As raw materials of artificial marble having features that 
it is light in weight and is non-porous, there are conventionally 
known melamine decorative boards , gel-coated artificial marble , 
acrylic artificial marble, polyester-based artificial marble 
and the like. Of them, melamine decorative plates and gel- 
coated artificial marble manifest difficulties in partial 
repairing and post processing due to patterning work only on 
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the surface, further, have small strength. Acrylic artificial 
marble and polyester-based artificial marble have texture and 
strength specific to solid materials, and particularly, acrylic 
artificial marble has a lot of merits that it is excellent also 
in processability and weather resistance. 
(0004) 

Regarding stone-like artificial marble, JP-B No. 61-24357 
described, for example, those manifesting stone-like tone 
obtained by dispersing quartz, glass, marble, crushed stones 
such as mica and the like, or resin ground materials such as 
ABS resins, epoxy resins, melamine resins, phenol resins and 
the like . The particle size of a resin ground material dispersed 
for manifestation of stone-like tone on artificial marble is. 
mainly from about 100 to 800 |Jm, and recently, for obtaining 
appearance nearer to natural stone, those containing dispersed 
particles of large particle size of about 100 to 5000 |lm are 
widely spread. 
(0005) 

However, stone-like artificial marble has demerits that it 
is slightly inferior in strength, impact resistance and crack 
resistance to conventional artificial marble of single pattern 
having no particle patterns, since dispersed particles for 
manifestation of stone-like tone are present inside. Further, 
this decrease in physical properties manifests tends to become 
remarkable with increase in the particle size of dispersed 
particles . 
(0006) 




Therefore, stone-like artificial marble containing 
dispersed particles of large particle size has a problem that 
it is further inferior in physical properties as compared with 
conventional artificial marble containing dispersed particles 
of smaller particle size. Because of this reason, there is a 
problem that a crack defect tends to occur with decrease in heat 
crack resistance when used under an environment of significant 
temperature change such as, for example, in kitchen top boards 
and the like. 
(0007) 

(Problems to be solved by the Invention) 

As one reason for decrease in physical properties due to 
present of dispersed particles in stone-like artificial marble, 
a deficiency of interface adhesion between stone-like particles 
and peripheral portions is envisaged. On the other hand, it is 
also hypothesized that because of a large difference in substance 
constitution between stone-like particles and peripheral 
portions, resultantly in physical properties, a specificity 
occurs and a tendency of strain on the peripheral regions is 
made, inducing decrease in physical properties . Then, an object 
of the present invention is to provide stone-like artificial 
marble excellent in heat crack resistance by allowing particles 
imparting stone-like tone to contain particles of the same 
composition as this, for relaxing the latter factor. 

(0008) 

(Means for solving the Problems) 

The above-mentioned object is solved by the present 
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invention. The gist of the present invention is as described 
below. Namely , the present invention provides stone-like 
artificial marble obtained by polymerization-hardening a 
composition comprising methyl methacrylate or a monomer mixture 
of methyl methacrylate as the main component with other vinyl 
monomer having one vinyl group in the molecule or its partial 
polymer syrup (A) in an amount of 20 to 50% by weight based on 
the whole composition, a cross-linkable vinyl monomer having 
two or more vinyl groups in the molecule (B) in an amount of 
0.01 to 10% by weight based on (A) , and at least one inorganic 
filler (C) selected from aluminum hydroxide, magnesium 
hydroxide, calcium carbonate and silica and crushed particles 
(D) having an average particle size of 0.24 to 2.8 mm and 
containing substantially no particles having a particle size 
of less than 0.1 mm and particles having a particle size of over 
5 mm, in an amount of 5 to 25% by weight based on the whole 
composition, wherein the total amount of inorganic fillers in 
the component (C) and the component (D) is 30 to 70% by weight. 
Crushed particles (D) : 

particles obtained by crushing a resin composition (ii) 
obtained by polymerizing a composition comprising 

methyl methacrylate or a monomer mixture of methyl 
methacrylate as the main component with other vinyl monomer 
having one vinyl group in the molecule or its partial polymer 
syrup (1) in an amount of 20 to 50% by weight based on the 
composition (ii) , 

a cross-linkable vinyl monomer (2) having two or more vinyl 
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groups in the molecule in an amount of 0.01 to 10% by weight 
based on (1) , 

at least one inorganic filler (3) selected from aluminum 
hydroxide, magnesium hydroxide, calcium carbonate and silica, 
and 

crushed particles (4) having an average particle size of 0 . 24 
to 0.65 mm and containing substantially no particles having a 
particle size of less than 0 . 1 mm and particles having a particle 
size of over 0.8 mm, obtained by crushing a resin composition 

(i) obtained by polymerization-hardening a composition 
containing methyl methacrylate or a monomer mixture of methyl 
methacrylate as the main component with other vinyl monomer 
having one vinyl group in the molecule or its partial polymer 
syrup (a) in an amount of 20 to 50% by weight in the composition 

(ii) , a cross-linkable vinyl monomer (b) having two or more "vinyl 
groups in the molecule in an amount of 0.01 to 10% by weight 
based on (a) , at least one inorganic filler (c) selected from 
aluminum hydroxide, magnesium hydroxide, calcium carbonate and 
silica, and inorganic fillers for coloration (d) other than the 
inorganic fillers (c) in an amount of 0.05 to 5% by weight in 
the composition (i) , in an amount of 5 to 30% by weight based 
on the composition (ii) . 

(0009) 

The present invention is constituted of a composition 
containing a copolymer obtained by copolymerizing a cross- 
linkable vinyl monomer having two or more vinyl groups in the 
molecule to an acrylic resin composition having methyl 
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methacrylate as the main constituent unit, and an inorganic 
fillers and resin particles uniformly dispersed in this 
copolymer . 
(0010) 

As the acrylic resin component constituting the main body 
of the stone-like artificial marble of the present invention, 
methyl methacrylate or a monomer mixture of methyl methacrylate 
as the main component with other vinyl monomer having one vinyl 
group in the molecule or its partial polymer syrup (A) is used. 
Specific examples thereof include methyl methacrylate, or 
monomer mixtures of 80% by weight or more of methyl methacrylate 
and 20% by weight or less of one or more vinyl monomers having 
one vinyl group in the molecule copolymerizable with methyl 
methacrylate, for example, a, |3-ethylenically unsaturated 
compounds such as vinyl acetate, styrene, methyl acrylate, ethyl 
acrylate, butyl acrylate, cyclohexyl acrylate, ethyl 
methacrylate, butyl methacrylate , cyclohexane methacrylate and 
the like, and partially polymer syrups thereof. The use ratio 
of these monomers or monomer mixtures or partial polymer syrups 
constituting the acrylic resin composition is from 20 to 50% 
by weight based on the whole composition. 
(0011) 

Of them, syrups which are partial polymers of the above- 
mentioned monomers or monomer mixtures are preferably used. For 
obtaining the partial polymer syrup, there are known a method 
in which a methyl methacrylate homopolymer or a mixture 
containing this as the main component and a vinyl monomer is 
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polymerized and the polymerization is stopped on the way, a 
method in which a polymer containing methyl methacrylate as the 
main constituent unit previously polymerized by block 
polymerization or suspension polymerization is dissolved in a 
methyl methacrylate monomer, and any of them can be used. 
(0012) 

Merits of use of the partial polymer syrup in the present 
invention include : (1) In adding inorganic fillers and particles 
to a polymerizable raw material, deposition of these additives 
can be prevented by controlling the viscosity of a polymerizable 
raw material, syrup. (2) In polymerizing a polymerizable raw 
material, hardening time can be shortened, to improve 
productivity, and the like. 
(0013) 

The cross-linkable vinyl monomer (B) having two or more vinyl 
groups in the molecule is compounded in a proportion of 0.01 
to 10% by weight, preferably 0.5 to 4% by weight based on (A) . 
As the cross-linkable vinyl monomer (B) , (meth) acrylates 
compounds such as ethylene glycol dimethacrylate , 
trimethylolpropane trimethacrylate and the like are listed. 
(0014) 

The inorganic filler (C) used in the present invention is 
at least one selected from aluminum hydroxide , calcium carbonate , 
magnesium hydroxide and silica, and preferable is aluminum 
hydroxide . This inorganic filler preferably has a particle size 
of 1 to 150 [im and an average particle size of 10 to 100 |Xm. 
If the particle size is much smaller than this range, light 
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permeability of a molded article lowers, and if the particle 
size is too large, a decrease in physical properties of a molded 
article is caused. 
(0015) 

When the inorganic filler (C) is added in excess, decrease 
in strength is caused, and when added in too small amount , texture 
of the resulting artificial marble is lost. By this reason, the 
addition amount of the inorganic filler (C) is preferably 30 
to 70% by weight, more preferably 35 to 65% by weight when the 
total amount is 100% by weight. The use ratio of this inorganic 
filler is an amount as sum of inorganic fillers contained in 
the crushed particles (D) used in obtaining the stone-like 
artificial marble of the present invention. 
(0016) 

Those obtained by treating the surface of this inorganic 
filler with, for example, a silane-based coupling material, 
titanate-based coupling material, stearic acid and the like can 
be used likewise. 
(0017) 

The present invention is obtained by polymerization- 
hardening a composition containing crushed particles (D) having 
an average particle size of 0.24 to 2.8 mm and containing 
substantially no particles having a particle size of less than 
0.1 mm and particles having a particle size of over 5 mm, in 
an amount of 5 to 25% by weight based on the whole composition 
and in which the total amount of inorganic fillers in the 
component (C) and the component (D) is 30 to 70% by weight. 
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(0018) 

Then, the above-mentioned crushed particles (D) will be 
described. The crushed particles (D) are particles obtained by 
crushing a resin composition obtained by polymerization- 
hardening a composition comprising methyl methacrylate or a 
monomer mixture of methyl methacrylate as the main component 
with other vinyl monomer having one vinyl group in the molecule 
or its partial polymer syrup (1) in an amount of 20 to 50% by 
weight based on the composition (ii) , a cross-linkable vinyl 
monomer (2) having two or more vinyl groups in the molecule in 
an amount of 0.01 to 10% by weight based on (1) , at least one 
inorganic filler (3) selected from aluminum hydroxide, 
magnesium hydroxide, calcium carbonate and silica, and crushed 
particles (4) having an average particle size of 0.24 to 0.65 
mm and containing substantially no particles having a particle 
size of less than 0 . 1 mm and particles having a particle size 
of over 0.8 mm, obtained by crushing a resin composition (i) 
obtained by polymerization-hardening a composition containing 
methyl methacrylate or. a monomer mixture of methyl methacrylate 
as the main component with other vinyl monomer having one vinyl 
group in the molecule or its partial polymer syrup (a) in an 
amount of 20 to 50% by weight in the composition (ii) , a 
cross-linkable vinyl monomer (b) having two or more vinyl groups 
in the molecule in an amount of 0.01 to 10% by weight based on 
(a) , at least one inorganic filler (c) selected from aluminum 
hydroxide, magnesium hydroxide, calcium carbonate and silica, 
and inorganic fillers for coloration (d) other than the inorganic 
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fillers (c) in an amount of 0.05 to 5% by weight in the composition 
(i) , added in an amount of 5 to 30% by weight based on the 
composition (ii) . 
(0019) 

The components (1) , (2) and (3) constituting the resin 
composition (ii) used in producing the crushed particles (D) 
and the components (a) , (b) and (c) constituting the composition 
(i) are the same as the above-mentioned components A, B and C 
used in the present invention. In producing the composition (i) 
in the crushed particles (D) , an inorganic filler for coloration 
(d) other than the component (c) corresponding to the component 
(C) in the present invention is used. The use amount of the 
inorganic filler for coloration (d) is 0.05 to 5% by weight in 
the composition (i) . The inorganic filler for coloration may 
be added into the composition (ii) , or both of the compositions 
(i) and (ii) . It is compounded in the crushed particles (D) by 
addition to the component (i) and/or the component (ii) . The 
amount is preferably from 0.05 to 5% by weight in the crushed 
particles (D) . 
(0020) 

If the particle size of particles obtained by crushing the 
resin composition (i) which is an intermediate raw material of 
particle obtained by crushing the resin composition (ii) is too 
large , heat crack resistance is not improved, and when too small , 
the viscosity of a raw material in the form of slurry compounded 
in a process of producing the resin composition (ii) increases 
to make polymerization-hardening difficult, therefore, the 
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particle size is preferably from 100 to 800 |Llm. 
(0021) 

When the addition amount of particles obtained by crushing 
the resin composition (i) in a process of obtaining the resin 
composition (ii) is too large, the viscosity of a raw material 
in the form of slurry compounded in a process of producing the 
resin composition (ii) increases to make polymerization- 
hardening difficult, and when too small, heat crack resistance 
is not improved, therefore, the addition amount is preferably 
from 5 to 30% by weight, more preferably from 10 to 25% by weight 
when the total amount of the resin composition (ii) is 100% by 
weight . 
(0022) 

When the particle size of the crushed particles (D) imparting 
stone-like tone to the stone-like artificial marble of the 
present invention is too small, the viscosity of a raw material 
in the form of slurry compounded in a process of producing the 
stone-like artificial marble increases to make 

polymerization-hardening difficult . When too large , heat crack 
resistance decreases. Therefore, the particle size is 
preferably from 100 to 5000 Mm, more preferably from 700 to 2800 
Urn. 
(0023) 

When the addition amount of the crushed particles (D) 
imparting stone-like tone is too large, heat crack resistance 
decreases, and when too small, natural stone-like appearance 
is not obtained, therefore, the addition amount is preferably 
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from 5 to 25% by weight, more preferably from 10 to 20% by weight 
when the total amount of the stone-like artificial marble is 
100% by weight. To the stone-like artificial marble, crushed 
particles of the resin composition (i) may be directly added, 
in addition to the crushed particles of the resin composition 
(D) . 
(0024) 

In the stone-like artificial marble, marble containing 
particles imparting stone-like tone does not obtain clear 
stone-like appearance having high commercial value until 
cutting of its surface. For this, it is preferable to cut the 
surface to a depth at least corresponding to 1/2 of the thickness 
of the maximum particle size of, the crushed particles (D) . 
(0025) 

To crushed particles (D) imparting the stone-like artificial 
marble of the present invention and stone-like tone, various 
additives, for example, ultraviolet absorbers , flame retardants , 
antimicrobial agents, releasing agents, fluidizing agents and 
thickening agents can be added. 
(0026) 

As resin composition composed of the above-mentioned methyl 
methacrylate or a monomer mixture of methyl methacrylate as the 
main component or its partial polymer syrup (A) , cross-linkable 
vinyl monomer (B) , inorganic filler (C) and crushed particles 
(D) is subsequently polymerization-hardened. 
(0027) 

In the method of polymerization-hardening the resin 
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composition, an appropriate polymerization initiator is added 
to the resin composition, and flown in the form of slurry into 
a mold frame and heat-polymerized . As the polymerization means , 
there are mentioned redox polymerization, a method of adding 
a heat reactive polymerization initiator and heat-polymerizing 
the mixture, and the like. Of them, redox polymerization is 
excellent as an industrially applicable method from the 
standpoint of simplicity of the process, and the like. 
(0028) 

Redox polymerization of a polymer having a methyl 
methacrylate as the main constituent unit is conducted in 
combination of an acyl peroxide such as benzoyl peroxide and 
the like with an amine compound such as N , N-dimethylaniline , 
N,N-diethylaniline , N,N-dimethylparaydine and the like, or in 
combination of a peroxy compound such as tertiary butyl peroxy 
maleic acid and the like with a mercaptane compound such as glycol 
dimercapto acetate and the like. Actually, an oxidizer is 
previously mixed and dispersed in a raw material in the form 
of slurry, and after sufficient mixing of raw materials, a 
reducing and if necessary, auxiliaries such as calcium hydroxide 
and water and the like are added and the mixture is further 
stirred. By this, polymerization is promoted depending o the 
amount of a chemical added, and further in this process, heating 
or heat insulation is effected, if necessary, to obtain a 
hardened substance. 
(0029) 

The procedure of polymerization-hardening the resin 
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composition (i) and the resin composition (ii) for obtaining 
the crushed particles (D) in the present invention is conducted 
in the same manner as in the above-mentioned 
polymerization-hardening of the resin composition. 
(0030) 

As the inorganic fillers for coloration (d) other than the 
inorganic fillers (c) selected from aluminum hydroxide, 
magnesium hydroxide, calcium carbonate and silica, added to the 
resin composition (i) in obtaining the crushed particles (D) , 
there are used inorganic pigments such as titanium white, zinc 
oxide, lead white, carbon black, vermilion, cadmium read, yellow 
lead, ultramarine, cobalt blue, cobalt violet and the like. The 
use amount of these inorganic fillers for coloration is from 
0.05 to 5% by weight in the composition. As the coloring 
materials in the present invention, organic pigments such as 
azo, triphenylmethane , quinoline, anthraquinoline and 
phthalocyanine-based pigments and the like can be used together . 
(0031) 

Regarding inorganic fillers in the stone-like artificial 
marble of the present invention, the total amount of inorganic 
fillers contained in the crushed particles (D) added in addition 
to the components (C) added is from 30 to 70%. 
(0032) 

Cross-linking by addition of the cross-linkable copolymer 
compound (B) of the resin composition constituting a continuous 
layer of the stone-like artificial marble in the present 
invention shows an effect of improving the strength and pollution 
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resistance of the stone-like artificial marble. However, 
excess addition thereof deteriorates processability of the 
resulted stone-like artificial marble. Addition of the 
cross-linkable copolymer compositions (2) and (b) in obtaining 
the crushed particles (D) improves crushing property of a 
polymerized hardened substance by its cross-linking effect, and 
suppresses increase in the viscosity of a raw material in the 
form of slurry before polymerization hardening by addition of 
the crushed particles. 

(0033) 

(Examples) 

Next, the present invention will be described by the 
following examples and comparative examples . In the 
descriptions, means % by weight. The bending rupture test 

used for evaluation was measured according to JIS-6911. 
(0034) 

The heat crack resistance test was conducted by. the following 
method. An artificial marble sheet is cut into a 400 mm square, 
and the center part of the sheet is cut into 100 mm square using 
a high speed router. R of the corner in this case is 10 mm. This 
cut part is irradiated with an infrared lamp from the upper 
direction, and the temperature of the sheet is raised up to 90°C 
over 30 minutes . This temperature is maintained for 30 minutes , 
then, the lamp is put out and the sheet is left to be cooled 
for 120 minutes down to room temperature. Thereafter, the 
infrared lamp is lit, and the temperature of the sheet is raised 
up to 90°C. In a process of repeating this temperature cycle, 
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the number of the temperature cycle before generation of crack 
is used as an index for heat crack resistance. Usually, a 
durability of 20 cycles or more is observed, it stands actual 
use . 
(0035) 

[Example 1] 

3658 g of a methyl methacrylate syrup composed of 20% of 
polymethyl methacrylate and 80% of methyl methacrylate, 6200 
g of an aluminum hydroxide powder (manufactured by Nippon Light 
Metal Co., Ltd., trade name: "BS-33", also in the followings) , 
80 g of tertiary butyl peroxymaleic acid (manufactured by NOF 
Corp., trade name: "Perbutyl MA" , also in the followings) , 42 
g of ethylene glycol dimethacrylate (manufactured by Mitsubishi 
Rayon Co., Ltd., trade name : "Acryester ED", also in the 
followings) , and 50 g of a black paste as a coloring agent were 
mixed, and stirred by a mixer. 
(0036) 

After de-foaming of the resulted mixed slurry in a vacuum 
vessel, 12 g of glycol dimercapto acetate (manufactured by Yodo 
Kagaku K.K., "GDMA", also in the followings) and 8 g of de- 
ionized water were further added and the mixture was stirred. 
This slurry was poured into a mold frame of about 60 cm square 
on which a polyvinyl alcohol film (hereinafter, PVA film) had 
been laid, and on this, a PVA film was pasted. This was left 
in a urethane heat insulation box for 30 minutes, to obtain a 
hardened substance in the form of sheet. Then, this hardened 
substance was coarsely crashed by a hammer, further, 
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finely-crashed by a stamp mill. This crashed substance was 
classified on a sieve to obtain particles (Al) having a particle 
size of 104 to 701 |LLm and an average particle size of 340 JUm. 
(0037) 

3658 g of a methyl methacrylate syrup composed of 20% of 
polymethyl methacrylate and 80% of methyl methacrylate, 5200 
g of an aluminum hydroxide powder, 80 g of tertiary butyl 
peroxymaleic acid, 42 g of ethylene glycol dimethacrylate , 50 
g of a white paste as a coloring agent and 1000 g (10% by weight) 
of the particles (Al) were mixed and stirred in a mixer. 
(0038) 

This mixed slurry was de-foamed in a vacuum vessel, then, 
12 g of glycol dimercapto acetate and 8 g of de-ionized water 
were further added and the mixture was stirred. This slurry was 
poured into a mold frame of about 60 cm square on which a polyvinyl 
alcohol film had been laid, and on this, a PVA film was pasted. 
This was left in a urethane heat insulation box for 30 minutes, 
to obtain a hardened substance in the form of sheet on which 
the particles (Al) had been uniformly dispersed on the whole 
surface. Then, this hardened substance was coarsely crashed by 
a hammer, further, finely-crashed by a stamp mill . This crashed 
substance was classified on a sieve to obtain particles (Bl) 
having a particle size of 104 to 4699 fim and an average particle 
size of 1790 |im. 
(0039) 

3658 g of a methyl methacrylate syrup composed of 20% of 
polymethyl methacrylate and 80% of methyl methacrylate, 4700 
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g of an aluminum hydroxide powder, 80 g of tertiary butyl 
peroxymaleic acid, 42 g of ethylene glycol dimethacrylate , and 
1500 g (15% by weight) of the particles (Bl) were mixed and 
stirred in a mixer. 
(0040) 

This mixed slurry was de-foamed in a vacuum vessel, then, 
12 g of glycol dimercapto acetate and 8 g of de-ionized water 
were further added and the mixture was stirred. This slurry was 
poured into a mold frame of about 60 cm square on which a PVA 
film had been laid, and on this, a PVA film was pasted. This 
was left in a urethane heat insulation box for 30 minutes, to 
obtain a hardened substance in the form of sheet on which the 
particles (Bl) had been uniformly dispersed on the whole surf ace . 
(0041) 

The surface of this hardened substance was cut at a thickness 
of 2 mm from the surface by a carpenter planar, then, polished 
with sand papers of No. 120, No. 400 and No. 600 in this order, 
to obtain natural stone-like clear stone-like artificial marble 
having high commercial value of 600X600X13 mm. 
(0042) 

Tips for bending test were cut out from this artificial 
marble , and the bending rupture test was performed . As a result , 
the elongation at rupture was 1.04%, the rupture strength was 
591 kgf/cm 2 , and the modulus of elasticity was 6.7X10 4 kgf/cm 2 . 
Using the same sheet, the heat crack test was performed. As a 
result of the heat crack resistance test, this sheet did not 
cause cracking even after completion of 20 cycles. 
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(0043) 

[Example 2] 

Particles (Al) were obtained in the same manner as in Example 
1. Then, a hardened substance in the form of sheet on which the 
particles (Al) had been uniformly dispersed on the whole surface 
was obtained in the same manner as in the procedure of obtaining 
the particles (Bl) in Example 1 except that the use amount of 
the aluminum hydroxide powder was 4400 g and the use amount of 
the particles (Al) was 1800 g (18%) . This hardened substance 
was coarsely crashed by a hammer, further, finely-crashed by 
a stamp mill, then, classified on a sieve to obtain particles 

(B2) having a particle size of 104 to 4699 |im and an average 
particle size of 1790 |im. 

(0044) 

A hardened substance in the form of sheet on which the 
particles (B2) had been uniformly dispersed on the whole surface 
was obtained in the same manner as in Example 1 except that 1500 
g (15%) of the particles (Bl) were substituted by 1500 g (15%) 
of the particles (B2) . 
(0045) 

The resulted hardened substance was treated in the same 
manner as in Example 1 to obtain natural stone-like clear 
stone-like artificial marble having high commercial value of 
600 mmX600 mmX13 mm. This artificial marble had an elongation 
at rupture of 1.05%, a rupture strength of 596 kgf/cm 2 , and a 
modulus of elasticity of 6 . 7X10 4 kgf/cm 2 . As a result of the heat 
crack resistance test, this sheet did not cause cracking even 
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after completion of 20 cycles. 
(0046) 
[Example 3] 

Particles (Al) were obtained in the same manner as in Example 
1. Then, a hardened substance in the form of sheet on which the 
particles (Al) had been uniformly dispersed on the whole surface 
was obtained in the same manner as in the procedure of obtaining 
the particles (Bl) in Example 1 except that the use amount of 
the aluminum hydroxide powder was 3700 g and the use amount of 
the particles (Al) was 2500 g (25%) . This hardened substance 
was coarsely crashed by a hammer, further, finely-crashed by 
a stamp mill, then, classified on a sieve to obtain particles 

(B3) having a particle size of 104 to 4699 Jim and an average 
particle size of 1790 \lm. 

(0047) 

A hardened substance in the form of sheet on which the 
particles (B3) had been uniformly dispersed on the whole surface 
was obtained in the same manner as in Example 1 except that 1500 
g (15%) of the particles (Bl) were substituted by 1500 g (15%) 
of the particles (B3) . 
(0048) 

The resulted hardened substance was treated in the same 
manner as in Example 1 to obtain natural stone-like clear 
stone-like artificial marble having high commercial value of 
600 mmX600 mmxi3 mm. This artificial marble had an elongation 
at rupture of 1.11%, a rupture strength of 602 kgf/cm 2 , and a 
modulus of elasticity of 6 . 5X10 4 kgf/cm 2 . As a result of the heat 
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crack resistance test, this sheet did not cause cracking even 
after completion of 20 cycles. 
(0049) 

[Comparative Example 1] 

3658 g of a methyl methacrylate syrup composed of 20% of 
polymethyl methacrylate and 80% of methyl methacrylate, 6200 
g of an aluminum hydroxide powder, 80 g of tertiary butyl 
peroxymaleic acid, 42 g of ethylene glycol dimethacrylate and 
50 g of a white paste as a coloring agent were mixed, and stirred 
by a mixer . 

(0050) 

This mixed slurry was de-foamed in a vacuum vessel, then, 
12 g of glycol dimercapto acetate and 8 g of de-ionized water 
were further added and the mixture was stirred. This slurry was 
poured into a mold frame of about 60 cm square on which a PVA 
had been laid, and on this, a PVA film was pasted. This was 
processed in the same manner as in Example 1 to obtain a hardened 
substance in the form of sheet. This hardened substance was 
coarsely crashed by a hammer, further, finely-crashed by a stamp 
mill, and this crashed substance was classified on a sieve to 
obtain particles (B4) having a particle size of 104 to 4699 \im 
and an average particle size of 1790 [im. 
(0051) 

3658 g of a methyl methacrylate syrup composed of 20% of 
polymethyl methacrylate and 80% of methyl methacrylate, 4700 
g of an aluminum hydroxide powder, 80 g of tertiary butyl 
peroxymaleic acid, 42 g of ethylene glycol dimethacrylate, and 
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1500 g (15% by weight) of the- particles (B4) were mixed and 
stirred in a mixer. This mixed slurry was de-foamed in a vacuum 
vessel, then, 12 g of glycol dimercapto acetate and 8 g of 
de-ionized water were further added and the mixture was stirred. 
This slurry was poured into a mold frame of about 60 cm square 
on which a PVA film had been laid, and on this, a PVA film was 
pasted. This was processed in the same manner as in Example 1, 
to obtain a hardened substance in the form of sheet on which 
the particles (B4) had been uniformly dispersed on the whole 
surface . 
(0052) 

The resulted hardened substance was treated in the same 
manner as in Example 1 to obtain natural stone-like clear 
stone-like artificial marble of 600 mmX600 mmX13 mm. This 
artificial marble had an elongation at rupture of 0.97%, a 
rupture strength of 570 kgf/cm 2 , and a modulus of elasticity of 
6.9X10 4 kgf/cm 2 . As a result of the heat crack resistance test, 
this sheet showed cracking after 10 cycles. 
(0053) 

[Comparative Example 2] 

Particles (Al) were obtained in the same manner as in Example 
1. Then, a hardened substance in the form of sheet on which the 
particles (Al) had been uniformly dispersed on the whole surface 
was obtained in the same manner as in the procedure of obtaining 
the particles (Bl) in Example 1 except that the use amount of 
the aluminum hydroxide powder was 5900 g and the use amount of 
the particles (Al) was 300 g (3%) . This hardened substance was 
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coarsely crashed by a hammer, further, finely-crashed by a stamp 
mill, then, classified on a sieve to obtain particles (B5) having 
a particle size of 104 to 4699 |lm and an average particle size 
of 1790 |im. 
(0054) 

A hardened substance in the. form of sheet on which the 
particles (B5) had been uniformly dispersed on the whole surface 
was obtained in the same manner as in Example 1 except that 1500 
g (15%) of the particles (Bl) were substituted by 1500 g (15%) 
of the particles (B5) . 
(0055) 

The resulted hardened substance was treated in the same 
manner as in Example 1 to obtain natural stone-like clear 
stone-like artificial marble of 600 mmX600 mmX13 mm. This 
artificial marble had an elongation at rupture of 0.95%, a 
rupture strength of 576 kgf/cm 2 , and a modulus of elasticity of 
6.8X10 4 kgf/cm 2 . As a result of the heat crack resistance test, 
this sheet showed cracking after 10 cycles. 
(0056) 

[Comparative Example 3] 

Particles (Al) were obtained in the same manner as in Example 
1. 3658 g of a methyl methacrylate syrup composed of 20% of 
polymethyl methacrylate and 80% of methyl methacrylate, 2700 
g of an aluminum hydroxide powder, 80 g of tertiary butyl 
peroxymaleic acid, 42 g of ethylene glycol dimethacrylate , 50 
g of a white paste as a coloring agent and 3500 g (35% by weight) 
of the particles (Al) weremixed, and stirred by a mixer . However, 
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during stirring, the viscosity of this raw material in the form 
of slurry increased, stirring became difficult, and flowability 
was lost and pouring into a mold frame was impossible. 
(0057) 

[Comparative Example 4] 

Particles (A3) were obtained in the same manner as in Example 
3. 3658 g of a methyl methacrylate syrup composed of 20% of 
polymethyl methacrylate and 80% of methyl methacrylate, 5900 
g of an aluminum hydroxide powder, 80 g of tertiary butyl 
peroxymaleic acid, 42 g of ethylene glycol dimethacrylate , 300 
g (3% by weight) of the particles (B3) were mixed, and stirred 
by .a mixer . 

(0058) 

This mixed slurry was de-foamed in a vacuum vessel, then, 
12 g of glycol dimercapto acetate and 8 g of de-ionized water 
were further added and the mixture was stirred. This slurry was 
poured into a mold frame of about 60 cm square on which a PVA 
film had been laid, and on this, a PVA film was. pasted. This 
was processed in the same manner as in Example 1, to obtain a 
hardened substance in the form of sheet on which the particles 

(B3) had been uniformly dispersed on the whole surface. 

(0059) 

The resulted hardened substance was subjected to surface 
cutting and polishing in the same manner as in Example 1 , however , 
its appearance was far from that of natural stone since the number 
particles emerging on the surface was small. 
(0060) 
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[Comparative Example 5] 

Particles (A3) were obtained in the same manner as in Example 
3. Then, a hardened substance in the form of sheet on which the 
particles (B3) had been uniformly dispersed on the whole surface 
was obtained in the same manner except that the use amount of 
the aluminum hydroxide powder was changed from 5900 g to 3200 
g and the use amount of the particles (B3) was changed from 300 
g (3%) to 3000 g (30%) . 

(0061) 

This hardened substance was treated in the same manner as 
in Example 1 to obtain natural stone-like clear stone-like 
artificial marble of 600 mmX600 mmxi3 mm. This artificial marble 
had an elongation at rupture of 0.95%, a rupture strength of 
569 kgf/cm 2 , and a modulus of elasticity of 6.5X10 4 kgf/cm 2 . As 
a result of the heat crack resistance test, this sheet showed 
cracking after 9 cycles. 
(0062) 

[Comparative Example 6] 

Particles (A2) having a particle size of 833 to 4699 |lm and 
an average particle size of 2520 |im were obtained in the same 
manner as in Example 1. Then, a hardened substance in the form 
of sheet on which the particles (A2) had been uniformly dispersed 
on the whole surface was obtained in the same manner as in the 
procedure of obtaining the particles (Bl) in Example 1 except 
that the use amount of the aluminum hydroxide powder was 3700 
g and the use amount of the particles (A2) was 2500 g (25%) . 
This hardened substance was coarsely crashed by a hammer , further , 
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finely-crashed by a stamp mill, then, classified on a sieve to 
obtain particles (B7) having a particle size of 104 to 4699 \im 
and an average particle size of 1790 |im. 
(0063) 

A hardened substance in the form of sheet on which the 
particles (B7) had been uniformly dispersed on the whole surface 
was obtained in the same manner as in Example 1 except that 1500 
g (15%) of the particles (Bl) were substituted by 1500 g (15%) 
of the particles (B7) . 
(0064) 

The resulted hardened substance was treated in the same 
manner as in Example 1 to obtain natural stone-like clear 
stone-like artificial marble of 600 mmX600 mmX13 mm. This 
artificial marble had an elongation at rupture of 0.99%, a 
rupture strength of 580 kgf/cm 2 , and a modulus of elasticity of 
6.5X10 4 kgf/cm 2 . As a result of the heat crack resistance test, 
this sheet showed cracking after 16 cycles. 
(0065) 

[Comparative Example 7] 

Particles (A3) having a particle size of 53 to 88 |Llm and an 
average particle size of 70 |^m were obtained in the same manner 
as in Example 1. 3658 g of a methyl methacrylate syrup composed 
of 20% of polymethyl methacrylate and 80% of methyl methacrylate, 
3700 g of an aluminum hydroxide powder, 80 g of tertiary butyl 
peroxymaleic acid, 42 g of ethylene glycol dimethacrylate , 50 
g of a white paste as a coloring agent and 2500 g (25% by weight) 
of the particles (A3) were mixed, and stirred by a mixer . However, 
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during stirring, the viscosity of this raw material in the form 
of slurry increased, stirring became difficult, and flowability 
was lost and pouring into a mold frame was impossible. 
(0066) 

[Comparative Example 8] 

Particles (Al) were obtained in the same manner as in Example 
1. Then, a hardened substance in the form of sheet on which the 
particles (Al) had been uniformly dispersed on the whole surface 
was obtained in the same manner as in the procedure of obtaining 
the particles (Bl) in Example 1 except that the use amount of 
the aluminum hydroxide powder was 3700 g and the use amount of 
the particles (Al) was 2500 g (25%) . This hardened substance 
was coarsely crashed by a hammer, further, finely-crashed by 
a stamp mill, then, classified on a sieve to obtain particles 

(B9) having a particle size of 5613 to 10000 [im and an average 
particle size of 6810 Jim. 

(0067) 

A hardened substance in the form of sheet on which the 
particles (B9) had been uniformly dispersed on the whole surface 
was obtained in the same manner as in Example 1 except that 1500 
g .(15%) of the particles (Bl) were substituted by 1500 g (15%) 
of the particles (B9) . 
(0068) 

The resulted hardened substance was treated in the same 
manner as in Example 1 to obtain natural stone-like clear 
stone-like artificial marble of 600 mmX600 mmX13 mm. This 
artificial marble had an elongation at rupture of 0.88%, a 
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rupture strength of 539 kgf/cm 2 , and a modulus of elasticity of 
6.5X10 4 kgf/cm 2 . As a result of the heat crack resistance test, 
this sheet showed cracking after 5 cycles. 
(0069) 

[Comparative Example 9] 

Particles (Al) were obtained in the same manner as in Example 
1. Then, a hardened substance in the form of sheet on which the 
particles (Al) had been uniformly dispersed on the whole surface 
was obtained in the same manner as in the procedure of obtaining 
the particles (Bl) in Example 1 except that the use amount of 
the aluminum hydroxide powder was 3700 g and the use amount of 
the particles (Al) was 2500 g (25%) . This hardened substance 
was coarsely crashed by a hammer, further, finely-crashed by 
a stamp mill, then, classified on a sieve to obtain particles 

(B10) having a particle size of 58 to 88 |im and an average particle 
size of 70 Urn. 

(0070) 

3658 g of a methyl methacrylate syrup composed of 20% of 
polymethyl methacrylate and 80% of methyl methacrylate, 4700 
g of an aluminum hydroxide powder, 80 g of tertiary butyl 
peroxymaleic acid, 42 g of ethylene glycol dimethacrylate , and 
1500 g (15% by weight) of the particles (B20) were mixed, and 
stirred by a mixer. However, during stirring, the viscosity of 
this raw material in the form of slurry increased, stirring 
became difficult, and flowability was lost and pouring into a 
mold frame was impossible. 
(0071) 
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[Comparative Example 10] 

Particles (A4) having a particle size of 208 to 4699 |im and 
an average particle size of 2100 lira were obtained in the same 
manner as in Example 1. Then, a hardened substance in the form 
of sheet on which the particles (A4) had been uniformly dispersed 
on the whole surface was obtained in the same manner as in the 
procedure of obtaining the particles (Bl) in Example 1 except 
that the use amount of the aluminum hydroxide powder was 3700 
g and the use amount of the particles (A4) was 2500 g (25%) . 
This hardened substance was coarsely crashed by a hammer , further , 
finely-crashed by a stamp mill, then, classified on a sieve to 
obtain particles (Bll) having a particle size of 495 to 10000 
|Jm and an average particle size of 3680 |Llm. 

(0072) 

A hardened substance in the form of sheet on which the 
particles (Bll) had been uniformly dispersed on the whole surf ace 
was obtained in the same manner as in Example 1 except that 1500 
g (15%) of the particles (Bl) were substituted by 1500 g (15%) 
of the particles (Bll) . 
(0073) 

The resulted hardened substance was treated in the same 
manner as in Example 1 to obtain natural stone-like clear 
stone-like artificial marble of 600 mmX600 mmX13 mm. This 
artificial marble had an elongation at rupture of 0.79%, a 
rupture strength of 521 kgf/cm 2 , and a modulus of elasticity of 
6.5X10 4 kgf/cm 2 . As a result of the heat crack resistance test, 
this sheet showed cracking after 1 cycle. 
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(0074) 

[Comparative Example 11] 

3658 g of a methyl methacrylate syrup composed of 20% of 
polymethyl methacrylate and 80% of methyl methacrylate, 6200 
g of an aluminum hydroxide powder, 80 g of tertiary butyl 
peroxymaleic acid, and 50 g of a black paste as a coloring agent 
were mixed, and stirred by a mixer. 

(0075) 

This mixed slurry was de-foamed in a vacuum vessel, then, 
12 g of glycol dimercapto acetate and 8 g of de-ionized water 
were further added and the mixture was stirred. This slurry was 
poured into a mold frame of about 60 cm square on which a PVA 
had been laid, and on this, a PVA film was pasted. This was 
processed in the same manner as in Example 1 to obtain a hardened 
substance in the form of sheet. 
(0076) 

This hardened substance was coarsely crashed by a hammer, 
further, finely-crashed by a stamp mill. In this crushing 
process, fine particles were not obtained easily as compared 
with those before hardening obtained in Example 1, and fair time 
was necessary for crashing into given particle size. The 
particles were classified on a crashing sieve to obtain particles 

(A5) having a particle size of 104 to 701 |-im and an average 
particle size of 340 |Xm. 

(0077) 

3658 g of a methyl methacrylate syrup composed of 20% of 
polymethyl methacrylate and 80% of methyl methacrylate, 3700 
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g of an aluminum hydroxide powder, 80 g of tertiary butyl 
peroxymaleic acid, 50 g of a white paste as a coloring agent, 
and 2500 g (25% by weight) of the particles (A5) were mixed and 
stirred in a mixer. However, during stirring, the viscosity of 
this raw material in the form of slurry increased, stirring 
became difficult, and flowability was lost and pouring into a 
mold frame was impossible. 
(0078) 

[Effect of the Invention] 

The stone-like artificial marble of the present invention 
contains particles of the same composition as that constituting 
stone-like artificial marble, in particles imparting stone- 
like tone, therefore, strain is not formed on substance 
constitution between stone-like particles and peripheral parts 
thereof, and excellent heat crack resistance not found in 
conventional products is obtained. 
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[0 0 15] mMytrnm <o «. a«ic*tirr*£:3S 

5^«v ^O^rfiS: 1 0 Oli%tLfctt, 30-7 
Om&XmtQ-rZZt&ftsLVK. ±?>$fSL<tt3 5 

(D) tc^3^T^3?£«^«#Jro^it£:bT©aT£> 

[0 0 16] dcD*^5ttSi?J^sffi^> #J;U£, 

XfJ'J >^^TMSUfc ; bWfei^^{c©-5> did* 

[0 0 17] mffi-rsS^O. lmm^iO 

S^RCX&g 5 mm£ig;t£&?SIISffttC^£&^sF 
iltlO. 2 4 — 2. 8mmTS5Wtf (D) 
MJ5£**f;:5~2 5fiM%^U, J.^, (C) fiJS»& 
(D) Jjfc# + 3 0-7 011 
% T * 5 SS-fiE^J £ ft L £ © T * 3 . 
[0 0 18] ^tCJifg (D) ©»Wi^lC"3HTBt9l!-r 
S^tf (D) te, ^^i7UM^fM«^^^ 

T -5 fife© t*n;^S«:<i:<75mSfrS-&*S : U < te^-OTSB 
^1^7 7 7 7" (1) (□) 4"tC2 0-5 0 

-;Mifi# (2) £±ffi (1) IC^ITO. 0 1-10 
fcBKtTVI'S^A. 7jcgHfc^£>'*:> r >A. « 

as*5fe«ja (3) t, entc, ^^^g^K^^xtt 
;* * i7 ij ^u^jEfiSc^t-r^a-^ftK f 
1 fl^rr Sto© fcTrjUMMt: t romSttg-g-fijS b < « 
-tOffl»«-&flc->?y7 r (a) &®.J$.®I (-f ) *fC2 0 
-5 011%, fr?ft\Z2mEk±<0¥—A&&%TtZ>$i 
«tttr=;m*# (b) £_hf2 (a) 0 1 

-1011%, 7K^b7;U=-^A, TjcgtftV 
A. ^^;U->C7AS:OC->U*^e51«n-5i!>7S< t 
lSCD*^5ta^J (c) . St)fffi«5t«^J (c) Skft(D 

*&m*m&*M (d) sa&tt K) *co. 0 5- 
5ii%^ft§afii (-f> sa^-aMfcu ens 

©B^bT&gO. 1 mmJfc^WjsH^&tf&AS 0 . 8 mm 
fcSfcSft^S^KWK^SI*. f^SlO. 2 4- 
0. 6 5mmtbfcOTtf (4) ffifttt (a) tC 
»LT5~3 02fi%SS;&0U S-g-ffi-ffcU ^Tdtt 
£?&F£bfc!!3rPT£S. 

[0019] *&w&? (d> a>sifiicM^«4irnfidE4b 

(D) *«j«T*J«# (1) - (2) , (3) &tf3aj& 

m c-r> s«^r^^«- (a) . (b) . (c) a. * 

-5. S&SfrS? (D) iZ&lfZ (-f) WgEigfC&l^TW:, 



- 3 3 3 1 4 8 

mmTtmm (d) sins. «gffiffi^5c«»i (d) © 
«) to. 0 5~5ii%t®i. s 

fc, *&ftfttt3&HS!lttffi&4fe (□) tic, Xtt 

K) , (D) ©M*tcaBJal/Tt>J:^. CCD*§-&<D<s 
fflgtt (-f) Xtt/Stf (□) (clrax.^c.tfci^T 

(D) ttClH-g-^n^. -i-CDSte (D) tlC^HTlfK 
b<te0. 0 5 — 5fifi%T$>£. 
[0 0 2 0 ] WJg&j£tt (a) *»»bfctt^©*|WJ8C 

^^>t#i§M^ft (a) *^*iiaaTf«*sn*^5'j 

1 0 0 — 8 0 0 (imd^H. 

[0 0 2 1 ] £fc, WJgSLjStt (□) «#5iftgK:fitt 

^t^iSM^ (□) sf^siasTw^an^x^'j — 

6, «flSafi£!a (n) S^rfil 0 Oll^tlfctt, 
5-3 OIl^MH. <fcr)»3;b<tel 0-2 511 

[0 0 2 2] *f!l^©5SIBAX^g5C5BIS«:#A 
SS^S? (D) CD&gte, /jN^-r^StSSSHAX* 

^teTWSTT^fc* 100-5000 //m*5± 
«kt)$?£b<te7 0 0 — 2 8 0 0 nmT*5. 
[0 0 2 3 ] (D) ©gs 

iJDfite. ^-TSfStBfl&i^^tttffffiTU Sfc^TS 

0 0fiS%<h bfct# 5 -2 511% 
J:D»SU<ttl 0-2 0fifi%-Cfe2>. 75: 
SBfflAlAIS^tt, ^SiMfiicft (D) ©©S>& 

[0 0 2 4] SgiSAlASStCSt^T, SgliS-^^. 

Afsns. ^©fc^ca^^s? (d) <n^-rz>m.± 

•&m<D'J>?3i< th l/2EA±©/P£T&®£WB'J"f 3d 

[0 0 2 5 ] *^hjc755@PAXAS5, Sl^HSHS: 
-^■A-SSr? (D) (Ctt, a^o^Jn^J. SSfl-iH 
II^J, irtM^J, SIMM, ssw-fba. fltttas 

[0026] mm*? $ v )vm*=?)v-x.\-zz.n&-£M-iz 
5^7" (a) i^fin*t*z:;>ma^ (B) , m&yzmw 

(C) Sl^5&&? (D) a»Sfc*»ffifflJ6fc*lH:3#;V»T 



* 

[0 0 2 7] #J»i»Jfctt£*^«ft;S1***i£«i:LT 

a-s-f**ft«f*«*vf s'n-s. ens.©?*., sf«^ 
[0028] *^y;wBL*^*£*J5fc¥&<h"r** 

Sf, &ft?Hl£:2UL 7- ^ U -^^HC* D*J&il£- 
^fiDbfcH-SI©a{;jS:i;-rS#**<£ii$n> set-?-© 

AS T&S K U TSni& & 5 * C fc <fc 0 « 

[0 0 2 9 ] *^BJ{C*^T^S^ (D) £#57t* 

* % ±mmm © m&mt & mm \zn o . 

[0 0 3 0] f&sm^f (D) &n2,\zmK>®$i®j8L!& 
ffl (c) K^CD^fefflH^5S«SiJ (d) tLTH 

[0 0 3 1] *^BJ5SliAl^S5*cD*^5tS?PJ 

». surra (o asmf 

(D) (C-&Sn^*^5S^J&-&ffbT- ; e-OS^3 0~ 
7 0 %T&5 = 

[0 0 3 2] #§£Bjltc:fe(,>T5SllAI?Cg5©igi^Jf 
««At«ttlltiA««9Mltt#ll^« (B) <DW= 

#£n7t5gIIAX7cg5©;&nX&£IHfc£-££>. k 
fc. BftftL? (D) *»*fcMf 9JR«tt#«£-<b^tt 
(2) SO: (b) ©*1DH. *-©S6«3JJR»C J: 




(5) 4#gi¥8 - 3 3 3 1 4 8 

[0 0 3 3] 

t-f5£B)rS£S^4 J I S - 6 9 1 1 izmCTMfeLfc. 
[0 0 3 4] Bffc^^y^ttttWtfilTICw-r* 
STffcfe. AX3fcS5->-h*4 0 OmmaiCffltJlB 
U h4 3 ^a5$S3s;l'— ^ — ^^V^T 1 0 Omm^ 
l:«0ft<. Z.Oii^n-±— ffl5#©Rtel Ommlca 

7£S&I*U 3 0»*njT9 0tsT->- h*S*£±tf 
5. dCDiaS* 3 0#-&o7t©-£, ^>7'$^'b. 12 

[0 0 3 5] c£2&m) #u*^u;v&*3^2 0 

f;l-y7 7 73 6 5 8 g. zfcRftT-;!^ x£ A©* (B 
(80 B. TBS-3 3J STFi^) 6 2 

OOg. ^->t'J-7f;WVt*->7K>S (B 
*ffiil (80 tt. i§3iS€ rA--7*?;WMAj #TH) 8 

Og, y/^^y;nx?i/>y | j3-ji, (HIU-f3 
> <ao s. isa« rT^uxxx;uEDj siiTra) 4 

2g, S^it h 5 0. g S=rl7- 

[0036] ^snfcg-e-xy'j— &n&mf&ft-<:m& 

(Hlft:* (80 B, TGDMAJ StTB) 12g, 
*>*8 g£SSnbT*I#Lfc. uffi77'J-S- #'J 

tfx;wr;i/3— )Vy^)Vh. (£(Tpva7^m) 

7^;VA£!iDttW5: 4 dtl^'j? >«ia»* tC 3 0 
»Mb. httSfti^flfc. O^TdCD«ft;!&«: 

fc. CC0»»!»*IIS^T?»3iJbT»gl 0 4-7 0 1 it 
itk fi^Sf 3 4 0 ymCgf (A 1 ) 
[0037] #'J^^i7'J )Vm.^^)^ 2 0 % <*: ^ ^ i7 U 

;H^^ 5=-;w 80%^e.7S-5^^^u ^ ^;w-> 777" 

3 6 5 8 g> 7KlSft7;U5x>7A^5 2 0 0 g> ^~ 
yt'J-^f^-t^y^W >M8 Og, -J*?? 
V)Um.x.?-U>fJa—)l<4 2 g, tfi^lilTS^- 
X h 5 0 g . (Al) lOOOg (10 11%) £ 

[0 0 3 8] CCDB-S*? U-*J5^ertT!ft?Sbfc 

$ if'ja- J^M7h7tf - h 1 2 

g. SS-f^>7jc8 g^^DDLT«^bfco C0^7'J- 

p VA7-f;uA^airifc*!j6 o cm^ci^tira 
au -e-o±^e>pvA7-<;uASr!io#ttfc. en* 



- * 

su* 3 o#tt«u &t (ad nfi±m 

4 6 9 9 /zm, ^gL^l 7 9 0 MmOgf (B 1) £ 
"Wc~ 

[0039] U * ^ £MJ 9^1/ 20%<h;<^U 

3 6 5 8 g> 7kmk7J\s^~OA®*4 7 0 0 g, 

UJHXfl/>^'j3Hl/4 2g, &f (Bl) 150 
Og (15fifi%) Sl^U, Tjf#LJt. 
[0 0 4 0] CO§^X^y-£*£^ftTJK^bfc 

g, K-<*>7k8 g&*UDUT«*Pbfc. -^7»J- 
Sr. PVA7^;i/A$8^fc»6 0 cmftOSfistlca 
AU W±*5PVA7-f^*3IDtt&fc. 
*U*>«««*K3 0#»11U (Bl) #£ffi 

[0 0 4 1 ] rO^fb^cOSM^, *I^yi/-t- 
T\ XH*>SJ»S 2mm*J0, ^©SL 1 2 OS, 4 0 
0#, 6 0 0#O-y*>H^— A-TlUfCW^bfct c 
600X600X1 3mm©^J 7-tB D D offil^) 

[0 0 4 2K©AI*i5*5, fttfKRJB?-^* 

SI. 04%. fi6»r3£* 591kgf/cm2, 3M£2* 
6. 7X1 0 4 kg f/cm^T^^L Sfc* I^CS/ 

. v 5 ttK»G>»* Z.(Dz/ — bfc£ 2 0lM*;M*T»fc* 

[0 0 4 3] Cl£££#)2] HOfi«l fcnUHcUTttT 
(Al) ^»fCo O^T^ffiMKOS^ (Bl) 

0 g, SIXS^ (Al) CD«fJ**l 8 0 0 g (18 
%) tbfcK*M±B«Jcaif^UTtt^ (Al) 

^T^SUL/T 1 0 4-4 6 9 9 Mm, Wftf 1 7 9 0 
Mra£7)gf (B 2) er^fc. 

[0 0 4 4] «T\ ^MlC^^TSf (B 1) 15 
0 0 g (15%) \Z^XX^=F (B2) 1500 (15 

%) tLts^ttraajcaf^bTar^ cb2> 3&«±a» 
[0045] '&$ntc.mfc®znmmi tmmiz&wis 

tztCZ. 6 0 0 mmx 6 0 OmmX 1 3 mm<D? ' J ^ 

*Lfc. CCDAI*15CD*(f#Sl. 0 5%> ©SfrSsS 

5 9 6 kgf/cm2, Wiim 6. 7X10 4 kgf/ 
cm^T^fCo Sfc, 5 2 0 




*#gg¥8 - 3 3 3 1 4 8 



[0 0 4 6] Cltifi«3] SSflltBatlCLTfif 
(Al) eiL O^t^JlOg^ (Bl) 
«l*fc*ViT7K»fl:7;U5— ^7A»*Ofl£ffl*S3 7 0 
0 g, RZfiftLT (A 1) <Dmm&^: 2 5 0 0 g (2 5 
%)• 2:b&S*ttn*k:»fPbTtt^ (Al) Affile 

^T^MUTjaSl 0 4-4 6 9 9 urn, TSttil 7 
9 0 /xm©S? (B 3) £#7c 0 
[0 0 4 7] HT, «fi«ilK:*ViTtt? (Bl) 15 
0 0 g (15%) fC^ATS^ (B 3) 1 5 0 0 g (1 

5%) tLfcs^ttna^akf^LTJia^ (B3) 
[0048] n^ntzMitmtmmmi t^icjuii 

fttZLZ, 6 0 OmmX 6 0 OmmX 1 3 mm CD # U ^ 

-Tfp^tfl^lV^^^^gJIAI^I^e, 

hfc. C©AI*a5©*»r#Sl. 11%, 

6 0 2 kgf/cm2, itt$6. 5xl0 4 kgf/ 

cm2T$-:L *fc, M8ki7 ? y &USk<Df£^ 2 0 

[0049] u*«09 i ] # u * 9 z u 5^ 2 0 
% u;uk^?;v8 o %fr%n.%*$>? y;utt* 

f;i/*>7'^3 6 5 8 g, *K-ft7";U5— »?A»*6 2 
OOg, ^-yf U-7?^A-tT*>7K>8 8 0 
g> y^^^'J;i/ixfl/>^U ^-^4 2 g, SfeSfl 

[0050] coig^7»j- &n&®%zi*n?w t mvrc 

^U3-j^/;W7 r h7ir^-h 1 2 
g. BK*>*8 g£K»lLT«#Lfc. ^^7U- 
;PA*»^fcHS6 0 cm*OB*ttft 
AL, -ecDJifrSP VA7^f ;UA&HD#Wfc. dtlft 

TSS»»b v CO»»«r«jS^T»SUbTS[Sl 0 4- 
4 6 9 9 Mm, ^i£f&g 1 7 9 0 /xmO'SrP (B 4) ft 

[0051] *u/*^u;u»^9 1 ;u2 oxt/^^u 
;um^^;i^8 o x^sfc**** u;Hft^^;i/5^7^ ^ 

3 6 5 8 g, TkEflST^S^A©^ 7 0 0 g, 
yt 'J-^W-t^yTH >18 0 g, 
»j;mx5 t U>dfij3-;P4 2 g. tt^F (B4) 150 
Og (1511%) ftg-grb, **iJ----c8t#Lfc. ^ 

Uzi-^^^^yhJ-fe^— hi 2 g, fla<^">*8 
g*«UPLTllH*bfc. CCD^^U-ft. PVA7^l^ 

PVA7^W^ID#Wco Cn^^J 1 <hft)^l(C 
LTS^ (B4) d«±Bf^iS— »C»*L,fcS/-htt«ft: 




mt:%tz. 

[0052] &znrz&K,® : eMffimi tmrnizmmv 

tztZ\^>. 6 0 0mmX 6 0 0mmX13mm©i"Jt 
-t^«5§05llAI*S5* s fl^tlfc. C1CDAX 
^I5©Si#g0. 9 7%, Wlft5 7 0 kgf/ 
"cm r ,"fft¥6T '9 "XI" 0 4 kg f/cm! t:S4> 
fz. £fc, Bi*i7^-yi7SC^W^«, lO-iM^UT 

^•.y^fgibfc. 

[0 0 5 3] Cit^J2] SUSS^Jl i^ClTSf 
(Al) O^T*^Jl©S^ (Bl) £#3 

&;£tC:fe^T7kgHfc7;i'5-^*&*<^^&£ 5 9 0 
0 g . mS%L=?- (A 1 ) CD<££?fi2: 3 0 0 g ( 3 %) <h 

\sfrtefr\mmizWkfFL-cm=? (ad a^stc^-ic 

giJbT&gl 04~4 6 9 9 ym, W-^W.^ 1 7 9 0 « 
mO^ (B 5) Sr#fco 
[0 0 5 4] £TF. ^0iJ 1 iC&t^TS/.^ (B 1 ) 15 
0 0 g (15%) IC^aTS? (B 5 ) 1 5 0 0 g (1 
5%) ibfcS^te^tC^bT**^ (B5) 

[0055] n^ntzwit^n^mmm 1 tfsuttcmsb 

fctd^K 6 0 0mmx 6 0 0mmxl3mm©{"Jt 
-T^5tl<7>5@PAX;AJI5#*# CI CD AX 

^SSOSStlfH^S 0 . 9 5%, K®r?t^ 5 7 6 kgf/ 
cm ! , Stt$6. 8 X 1 O 4 k g f /cm 2 
tz. Bi&^-y^til^t^te. 1 f^T" 

i7 5>^/S*SS£b*:. 

[0 0 5 6] (.itmm 3 ] f^iSW 1 tftWUZ btgi 1 
(Al) =r#7t. if^}*-5>9 U;Hf^^^2 0%i:^^ 
^tun^^s 0 % 7^6. ft u;^^^^^^ 

7 7"3 6 5 8 g.. 7^mtT)V^-^L,^2 7 0 0 g, 
^-•/t'J-^W-^yTW^S Og, 
^^UMxfl/>^'Ja-JM2g, ^S^JibTS 
^—7. h 5 0 g . (Al) 3500g (35 it 

%) £g£-U 5*+J--TJf#bfc. b^b^S. 

£WX5U-ttII^<7?ttS/^.-t#b. lf#B 

[0 0 5 7] Ci±^J4) ^1^3 tltlCLTSf 
(B3) #U^<^i7 u;^^?;v2 0%t/^ 

i7 u;^/^;P8 o %-fr*>t$.z>*9 z UJH^/?;u->^ 

7^3 6 5 8 g, TKM-ftT^SZl^A^S 9 0 0 g> 
^— >Y 'J-7fJWt-t^y?H >&8 0 g. i>* 

>)JlW^U>tfVzi-)\,4 2 gt. (B3) 
3 0 0 g (311%) £?g-&U 5^-9— Tfli^bfc. 
[0 0 5 8 ] Cl©fi*;*7'J--*J*S»g8 ( l ,_ CKiSb;fc 

g, Sftl'^->7K8 g^^DLTJt^bfc. CtDT-^U- 
PVA7^^A«S^6 0cm^©I^ c l 3 IC!S 




1tSi¥8 - 3 3 3 1 4 8 
*JS«1 tPMUCbTSff (B3) tf±W\Zi5-\Zft®. 

[0059] #6n-tsEYt:***is« i tmmzmm^ 
mm. mmutztf. &wiz&mi>-c^z>'&L : ?<D$c&'j>i3. 

[0060] cittt«9 5] H5gfi»i3 ^mmizvxm^- 

(B3) O^T, Jt<S^4 IZ&^XTkffltTJV 

5 9 0 0 g (C^X.T 3 2 0 0 g , RZt®.T 
(B 3) 3 0 0 g (3%) td^ATS^ (B 3) 3 0 0 
Og (3 0%) iLfcBj&»ttra*fc*ffl,Taff (B 

[0061] n^ntzM^tm^nmmi £H*icasL 

fctC5, 6 0 Ommx 6 0 Ommx 1 3mmCDi7 U -V 
--C^S^CDSSPAX^SS^^nfc. CCD AX 
*35©«*r#£ 0 . 9 5%. 5 6 9 k g f / 

cm!, fPfe^6. 5X10»kgf/cm! 
it. Ssfc, ii^7-^St^^>t 9tJ-f 

[0 0 6 2] CifctS0§6] USStfil 1 tlWU&ldUT, {B b 
833~4699 ym, f^t§2 5 2 0 ^mCD!^ 

(A 2) ^WSMlCSf (Bl) 

&7?K:43^T7fcKft7;VS-^A©^©ffiS!SS 3 7 0 
0 g, StfS^- (A 2) CD^fflS« 2 5 0 0 g (2 5 
%) fcU&ajfl*ttBI«fc»ffLTtt^ (A 2) Affile 

^T?#J§'JbT!K^l 04~4 6 9 9 /im, 1 7 

9 0AtmC0^ (B7) 

[0 0 6 3] £17, 1 tC^HT^ (B 1 ) 15 

0 0 g (15%) iZ&z.-cm^ (B 7) 1500g (1 

5%) tvtt&frtemmzWiitisTiik? (B7) 

[0 0 6 4] nitwit® z&mmi tmmzmmv 

tzizZ.%. 6 0 Ommx 6 0 Ommx 1 3mmCD^ 'J-V 
--C3S&5*<Z>5gmAl*S5rt*»Sttfc. -WAX 
^SSCDfiSWfftS 0 . 9 9%. 5£8r3£ft'5 8 0 k g f / 
cm 2 , #14^6. 5xi0«kgf/cm ! 

■fz. i^7-^K»©SSH i6-y-<i7;u-e 

>7 7V>7t>m±^tz. 
[0 0 6 5 ] Ctk««7] HiSflfll tra««CUT, fib 
S^5 3 — 8 8 Mm, ?^g!7 0 «m«ef (A3) 

tfu u;uKy^;u2 o%i^^^u;^ 

^?;U8 0%^6ft'5^^i7 | ;;U^^5 1 ^->7-7 7'3 6 
5 8 g, *KYU7;U5^<5A|&5k3 7 0 0 g, 9 — is* 

u— y^;w?-^-^->-7U"f >t80g, i?**2r u;w 

50g, S^? (A3) 2500g (2 511%) 
U 5*U— T^bfc. L^bft^e. 



' + 

[0 0 6 6 ] [tbtt«8] X1&0I1 t^Si:Ltgf 

(Al) O^TJt^JlCQS^ (Bl) 

0 g , RZfftL 1 ? (A 1 ) <Z>ffiJSfi£ 2 5 0 0 g (25 

■^-tbfcs^janaiKiuiffUTtt^ (ad ^tsc 

^T#B»J ITS! 5613-10000Mm, ¥^SS 

6 8 10 /!m(Dgf (B 9) 

[0 0 6 7 ] eat, mnm 1 k^ts^ (bd 15 

0 0 g (15%) ICSE^T^ (B 9) 1 5 0 0 g (1 
5%) ttfc^tt^ilcMLTS? (B9) 

[0068] »6nfcw<b«*safiflsi ^^c^l 

£ d 5 , 6 0 Ommx 6 0 0 mmX 1 3 mmO? U 

*I5<7)K»#S0. 8 8%, M^g5 3 9 k g f /' 
cm 2 , »te¥6. 5 x 1 0 4 k g f /cm 2 Tfeo 

[0 0 6 9] CJtK0I9) tmmizvT&T 

(Al) (Bl) 

o g , m*m.=F (a i ) ©«jb*s 2 s o o g (25 

%) ^L7 u cff^ti|Wi^lc^bT&^ (Al) flt^Bte: 
^SlLTfif 5 8-8 8 ^m, ?^5#7 

(bio) 

[0070] 3Ku^^^u;wffi^f i ;i/2 o%t^^^u 

3 6 5 8 g, TKHSflSTJl'S— 57A»5R4 7 0 0 g, ^- 

U-^f;WW*yTK>88 0 gs 
U;HtX?U>yU3-;V4 2 g, (B10) 15 

OOg (1511%) IBnU 5**--CSM£bfc. 
Lrt>bfc:j&*S* fJtJftfc+lc* d©^5U— *JK»Ott* 

[0071] utttm o] s»«itm8ci/T, <a 

LiK2 2 0 8-4 6 9 9 urn, ¥M12 1 0 0 /zm© 
*ff (A 4) £?§fco OW*«S«loa? (Bl) £ 

7 0 0 g, (A 4) <£<££!fi€: 2 5 0 0 g (2 
5%) tbfe^^^ftl^tC^lxT^ (A 4) &±W 




(8) $#HS¥8 - 3 3 3 1 4 8 

SSV>T#g»JLT&g4 9 5- 1 0 0 0 0 Mm, 
3 6 8 0 umCDS^ (B 1 1 ) 

[0 0 7 2 ] «T> HJSfiSl tfe^Te-? (B 1) 15 
OOg (15%) iCg^TS* (BID 1 5 0 0 g 

(15%) tufctt^nnajtcakfpuTJS^ (bid 

fcSHRU&S/-- h#«{fc<»*»£. 
[0 0 7 3 ] »6nfc«ft«S*K«|l <hH«Hc«LSL 
6 0 Ommx 6 0 OmmX 1 3 mmCD? >J ^ 

*35<0«K#flE 0 . 7 9%, «S521kgf/ 
cm 2 , 3rl4^6. 5 X 1 0 4 k g f /cm 2 T£o 

[0 0 7 4] [Jt«#I l l ] # U ^ ^ ^ ij 2 

^fJk>7y^3 6 5 8 g, *K<t;7;U^X^A^6 

2 OOg, ^—>^ U— yf;Wt-**y7H>I8 

o g, m&mtvxm^-Ts h s o gts^u. s^-y- 
[0075] ^oB^^y-sxassfTRffiifc 

PVA7-T ;VAt»V>fc»6 0 cmft©a#tlCft 
AL, *O±*5PVA7-fM«l0#ttfc. 

[0076] :©e«^/\>7- t?»»»u ^bt: 

»?Jl/Ttt«10 4^7 0Um, ¥i?ii3 4 0 /im 
CO&-^ (A 5) £?#fc, 
[0 0 7 7 ] #U^^^U;U»^5 1 ;l/2 OXt^^^U 

3 6 5 8 g, *^{ty;U^X^A3E&*3 7 0 0 g. 5~ 
yt'J-yw-t^y7K>g8 0g, *fi«i 

h 5 0 g, ^ (A 5) 2500g (25 
11%) SrS^U LfrLfc** 

5. ^o^7U-«IWW±#L^ 

[0 0 7 8 ] 

[SE9l<B8i«] *?§ej<2^§tJIAX:*:SSte> 5B1^ 
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